Two dimensional magnets have received increasing attentions since Cr2Ge2Te6 and CrI3
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In the past decades, a plenty of methods, e.g. magnetic or non-magnetic dopants [1] [2] [3] [4] [5] [6] , vacancies 7, 8 and grain boundaries 9, 10 , have been attempted to introduce long-range ferromagnetic orders in semiconductors. The long range order is, however, limited by the dopant-host hybridization 2, 11 that the highest Tc was thus recorded at 160 K so far 4, 12 and the mobility remains low, which calls additional strategies for searching high Tc ferromagnetic semiconductors. Recently, the re-discovery of mono-or few-layer MoS2 [13] [14] [15] [16] and black phosphorus (BP) [17] [18] [19] boost tremendous investigations on twodimensional (2D) semiconductors. Two intrinsic ferromagnetic semiconducting monolayers, CrI3 20, 21 and Cr2Ge2Te6 22, 23 , were very recently demonstrated in experiments, although their Curie temperatures (Tc) are lower than the liquid-nitrogen temperature. Thus, the high-temperature FM semiconductors are yet to be discovered although room-temperature FM metallic monolayers, e.g. VSe2 24 and Fe3GeTe2 [25] [26] [27] , were prepared and exfoliated.
The lack of interlayer magnetic interactions at the monolayer limit enables a variety of interlayer AFM or weakly FM coupled materials to be under consideration for FM semiconductors, in which the constrain of strong FM interlayer coupled is eliminated.
The CrI3 mono-and bi-layers are exactly the case that they show an in-plane FM order below 50 K and a weak interlayer AFM coupling 21 . In a recent work, we found a strong electron doping (~1 e/Cr) to CrS2 could lead this AFM metal to a FM semiconductor 28 .
This doping could be realized by changing Cr to Mn. Monolayer MnS2 or MnSe2 was predicted to be a FM semiconductor with a Tc of ~200K 29 . A MnSe2 monolayer, with a measured room-temperature Tc, was recently fabricated by MBE although the monolayer strongly interacts with the substrate and is yet to be exfoliated 30 . Another route to realize the doping lies in replacing an S atom with a Cl atom forming a monolayer CrSCl. We previously showed that a Janus CrSCl monolayer is semiconducting and its FM state is 85 meV/Cr more stable than other magnetic states 28 , which appears to be a highly promising candidate for high Tc magnetic semiconductors.
Here, we theoretically investigated another form of CrSCl (Fig. 1a) Our density functional theory calculations were performed using the generalized gradient approximation for the exchange-correlation potential, the projector augmented wave method 32, 33 and a plane-wave basis set as implemented in the Vienna ab-initio simulation package (VASP) 34, 35 . Dispersion correction was made at the van der Waals density functional (vdW-DF) level [36] [37] [38] , with the optB86b functional which was proved to be accurate in describing the structural properties of layered materials 19, [39] [40] [41] . On-site Coulomb interaction to the Cr d orbitals is considered with an effective U value of 2.8 eV 42 . See the supplementary information for details. Either spin density ( Hybrid functional calculations reveal that the S and Se series are semiconducting with bandgaps around 2 and 1 eV, respectively while the Te series were found metallic (Fig. 3a) . In the S series, substitution of Cl with Br or I is effectively an applied tensile strain, which reduces the bandgap. Furthermore, effective compressive strain, e.g.
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replacing Br with Cl in the Se series, also reduces the bandgap. Among all these six semiconducting MCXs, only CrSCl is direct bandgap with a bandgap of 2.07 eV.
Neither the use of the vdW-DF functional nor the inclusion of SOC changes this 8 tendency. Another interesting feature that CrCXs offer is the found free-electron-like bands.
This feature is not noticeable in the O series, but becomes pronounced in the S, Se and
Te series. Figure 3b shows a simplified bandstructure of CrSCl calculated with the optB86b-vdW functional. The associated wavefunction norms for those highlighted states are visualized in Figure 3e . It shows spin-up CB2 is comprised of Cr dz2 and S/Cl pz orbitals, which exceptionally form extended Cr-S-Cr channel states along the x direction ( Fig. 3c ) but highly localized along the y direction (Fig. 3d) , giving rise to a quasi-1D electronic state in a 2D orthogonal lattice. Note that we define the dz2 or pz direction along the x direction and px, py and dx2-y2 along the Cr-X (X=Cl, Br and I) bond directions. This quasi-1D state offers a small effective mass of 0.10 m0 along G-X but a rather large effective mass of over 10 m0 along G-Y, leading to the mobility for CB2 along G-X thousands times larger than that along G-Y (supplementary Fig. S9 ).
State spin-up CB1 shares the same feature ( Fig. 3e and 3f ) but its wavefunction is slightly more localized along x direction (Fig. 3f) , consistent with the larger me of 0.38 m0. Other semiconducting CrCXs, e.g. CrSeCl, show similar anisotropic features and share similar mechanisms. This general spin-dependent mobility anisotropy suggests electron carriers moving much faster along the x direction than along the y direction.
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In terms of hole carriers, each spin component has a certain fast-moving direction. If an off-axis in-plane electric field is established, spin accumulation might be observed in the more localized direction, as illustrated in Fig. 3h , which may potentially be used in transferring spin torques. Figure 4a show a sketch-map of the bands around the G point of the CrSCl monolayer. The optical conductivity 44 ( Fig. 4b) , together with the light absorbance 45, 46 ( Fig. 4c) in MoS2 47, 48 , BP [49] [50] [51] and other 2D materials [52] [53] [54] , we found a spin-dependent elliptic polarization dichroism in these 2D layers. Only the spin-up component could be excited with left-handed elliptic polarized lights with their major axes along the x direction.
Note that the bulk form of CrSBr was experimentally synthesized 55 , suggesting the feasibility of experimental investigations of this family. All these results show the CrCX family is a novel interesting category of FM monolayers for either spintronics or optoelectronics, which is experimentally accessible and is of high potential in applications.
